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^Abstract • ^ 

The relationSh i4> between television program variables and children's 
attention was examined using sample shows from two nationally distributed 
educational priograms. , Shows were coded at 30 second intervals on four 
measures of program complex! ty^ and two^measures of the relationship between 
verbal and visual content. Children's visual attention levels were measured 
Individually and averaged over the Sample^ 

Single time series analyfeTs indicated the predictability of chilclfen's 

Si / ' 

attention levels to be no more than 30 seconds. 'Younger children's attention 

In adjacent program S£gments was found to be more highly Interdependent than 

was older children's attention. ' > / / * 

Multiple time, series analysis Indicated' the attention of older children 

could be expl'&ined^very -wel I based on the program variables jneasu red. Older 

children also appeared to^ be affected more by variations ?n program complexity 

ap'd, in Articular, by visual complexity. Younger children were more affected 



by verbal variables, and attention levels were found to be morfe due to children's ' 
consistently attending than to prog'ram variables. Fort^-foury to 58 percent of 
the variance in attention was explained by these models. / 



. CHILDREN'S ATTENTION TO THE TELEVISION SCREEN: 
• A TIME SERIES ANALYSIS 



' . _ • Introduction ^ 

The .bulk of television effects research has been based on survey de- 
signs in which viewers are assumed to watch programs the same way with ^the 
exception of the frequency of tuning in* The ease of data collection this 

* ' " * I m 

assumption allows probably has contributed to Information gained fi^om.' 

n ■ , . 

surv^s, but it is possible that some contradictory findings about tdle- 

vision's effects may be due to variability In the behavior of viewer^ in 

front of the set, , / . 

Experimental studies of television viewership, including thoseof 

•filmed violence, have generally concentrated on t^e behavior ofwiewers 

'after programs are over. Less li^ormation about behavior during programs 



has been gathered. However, a growing body of research has shown consider*- 
able variability among viewers here. For example, it has been found 'that 
viewers engage in several activities while viewing and that different types 
of programs are watched with different degrees of attentiveness, (Robinson, 
1969; Bechtel, Achelpohl, and Akers, 1.972; LoSciuto, 1972; Murray, 1972). 
Few studies have closely examined which aspects of ptrograms stimulate viewer 
interest. - . . • 

r 

In this paper we have examined the effect of a femall number of televi- j 
slon program variables on the visual attentloi^ of children watching teft/o' 
educational series. The program variables used include four measur^es of^ 
form complexity and two measures of the Interaction* between ^yisual and 
verbal content. The objective was to determine -how long 'Chi Idren take to 



^ react to these variables, how large the effects on attention are at their ' 
strongest poJnt, and how long the efTects endure. Makijig these assessments ' 
^N^iecessl tated our using a technique called time series analysts. 

In the-following sections we shall review research on viewer attention, 
on program complexity and on^cognitive development as it relates to tele- 
vision viewing. A sljoft section on^the unusual aspects of the research 
method is also included. A longer description is given In' Appendix B. 
Researclyon Attention to the Television Set 

Most of tlie research on viewer attention has d^t with what viewers 
do rather than on the .relationship of that behavior to prograr| attributes. 
• Of two bodies of research concentrating more on programs, one deals with 
advertising and th-e other with Children.'s Television Workshop programs. . 

In one study of television commercials Ward, Levlnson and Wacknian ■ 
"(1971) found that younger children Cages 5-10) p^id slightly higher atten- 
tlon to the screen during both programs and commercials than did older 
children (ages 11-12). in a subsequent Study (Ward and V/ackman, 1973), 
they found that higher cognitive level chllcJren, whb also tended to be o>:j^er, 
were more discriminating in. the' attention they paid to different kinds of 
content. In another related study, Wartella and Ettema (197^ found that 
second graders a^d kindergarteners paid higher levels of attention to pro- 
-grams than did nursery school children, that older children paid higher' 
attention to relevant' commercials,and that there was 'a slight tendency for i 
commercial of high auditory complexity to el left higher levels of .attention 

» 

' ' The most elaborate set of program variables which has been related to 

attention is tKat us.ed by the Children's Television Workshop (CTW) . In_ 

• ' • • ) - ' 

surveying forma-tive research on Sesame Street, Reeves- (,1970). reported 

i ^ ' ■ ' \ • ' ■ 

* ' children's attention to be very .fluid,- and to be higher foj- segments con- • 



tdlnirrg animation, children, animals, {and rapidly. paced action* Anderson 
and Levin (Anderson and Levin, 1976; ^ Levin and Anderson, 1976) found 
the number 3nd duration of visual fixations of children, on the TV screen 
to Increase between the ages of one and fouf* years. They also found that- 

attention correlated ^negatively with the l^ngt^i of program content seg- 

^ 'i' * ^ ♦ 

ments (bits)' and positfvely with; the appearance on the screen of adult 

I ' . 

I ^ ^ . . / 

females, children, non-human characters, physical activity, lively music 

/ 

and* special effects. They also'noted that one 'dimension underlying many ^ 
of thei r Variables i^ ^the amount of action present. 

Taken together, .these two sets of studie;s indicate that children are 
»f lexible' ih'atterition and that they become more seleptive as they get older 
Research on Program Complexity * • ^ t ' • /v 

The measures of program form.complexi ty we used'are a subset of a 



' / 



larger group based .qn the Information Theory concept of entropy. .Tj^t^ f oUr 
measures* used are Set Time Ewrropy, Verbal Time Entropy^ Shotjintropy and » 
Non\ieVbal Dependence Efttropy, Definitions bf^ these^^riables are'giveri 
in Appendix A, and more detailed descriptjonjjif^re aval lable'^elseWhere 
(Watt and Krull," 197^).* ' , ' 

The rajtionale for a 'rel atvionsfcrt p between program complexify and viewing 
behavioi\is that te^evisjon viewers are\like1y to choose pro^i;ams on the 
basis of .the amount of information processing offered. The Information 
Theory variable^ v;eje developed to measure s^Hif aspects of program form* which 
could be, processed by vjewer$. - - 

In previous studies com'p,lexJ ty has "been found to* be related to ^audience 
ratings. While the levels^* oJ complexity ef commercial programs appear to 
be n^ar the optimum for di^awin^. large audiences, pubMc television programs 
were ^ouatf to be lower in cqrfljilex i ty with "increasing complexity correlating 



with Increas/ed ratings (Krull and Watt, 1975)' 

ft 

Program complexity was also-found to be reflated to habitual viewing, 
as measured by t)^ aver'age frequency of turning in programs, and to lik- 
ing of programs. Viewers were found to* cluster their viewing around cer- 
tain »compl ex} ty values (Watt and-KrulT, 197^)., but Were not found to 
cluster their liking of programs (Krull, Watt and Lichty, 197^) • However, 
young adults were found to prefer higher levels of program complexity for 
both viewhng and liking (Krull, V/att and Lichty, 1977). 

These studies support a. 1 Ink* between program complexity and the 
selection of Khole ^ograms by viewers; they reveal little about viewer 
behavior during viewing. It is possible, for example, that vi ewe rs*p refer 
attributes x>f programs whixh covary with complexity, such as violence 

*{Watt and Krull, I97i)> and that they only attend to violent segments, ^ 

♦ > • 

ignoring the changes in tomplexi ty. closer examination of viewing be- 
havior is necessary to eliminate such possibilities^ ^ 
' jOfle study of the effects of ^program complexity and violence on viewers 
over time has ^een done. Physiological changes in viewers were found 'to 
correlate with changes in program complexity, when both groups of variables 
w^re nieasured^ovej ;^ 2 mi nutie segments (Watt and^Krull, 1975)* it has been, 
argued that the ki rids of physi*o1oglcal changes observed are Indications 
of attention (Lacey, Kagan, Lacey and Moss, 1973)^ and this would lend addi-^ 
tiohaL support to the rationale for viewer preference for ^compleXi'ty . 

The time interval in the study just descri4)ed is still rather long for 
estimating the effects_CLf program variables on children* The advertising 
studies described earlier showed differences in the v^^y children reacted to 

cofrfnercials varying from ^0 to 60 seconds in lengtKward, Levinson and 

6 / - 

W-ackman, 1972). Reeves (1970) , reported the average duration of visual 
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attention of Sesame Street viewers to-be less than one minute; and Levin 
and Anderson f 1976) found that program/segments In Sesame Street shows 
were sufficiebtTy long to show decreases In attention during the. segments* 

, We used an^interval of 30 seconds ,in this study. This Interval 
seemed •to be sufficiently short to assess some short- term ^fects, but 
not so short that values of the program, variables would become unreliable. 
The 30 second interval does, not change the overall^ rationale for a relation- 
ship between complexity and attention either, but tr does iTTtroduce several 
theoretical and methodological prbblems due'to Interactions among adjacent 
time Interva'iSrf ^. These are discus^fed in a description of time series proj- 
cedures in Appendix B. Next we will describe two program measures used 
in addition to the complexity variables. 

Visual/Verbal In'ter^^jon Program Variables * . 

To r the -complexity variables we added two variables. Congruence and 
independence, which assessed the relationship between the verbal and visual 

• ^. • ■ 

parts of the show. 

Congruent verbalization was defined as any meaningful, spoken utterance 
which described^ referred to, or was generally "about" something that was 
sifDul taneously being projected on the screen. The utterance could be of 
any length or type - it merely needed to* be correlated with an image in the 
visual frame to count as congruent. 

A great variety of U'tterances fell under the heading of "congruent*'. ^ 

For example, the s^C^en word "one*"^ (with an accompanying visual graphic) , 

was counted as a congruent utterance. Similarly, fetters of the alphabet 

which were recited w4th accompanying graphic representation- were each 

* « 
treated as individual "utterances**. At'a more complex level statements 
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like •'Look at all, this old stuff I have lying around here", ''There's a bird 
oh me'*! .and '''And nqy/ we have a picture of Bert'* were also counted as con- 
gruent utterances. ' ^ 

Independent utterances were any Utterances which did not focus^ on some- 
thing In the visual frame. Typical examples are statements like '^How was your 
'"day's ^'Hey, I'm just kidding'S and "I've got a l.lttle system that Luse 



somet ImV. 



The rationale for coding these variables was provided hy Piagef 's thex)ry^ 
of intfellectual deveJopment. The bulk of Piaget's research Investigating 
children's cognitive processes f)as dealt with the child's understanding of 
physical, logljcal, and causal relat ^nships. The aim of these 1 nveeti gat Ions 
Has been to construct a model of tKe. child's cognitive processes which will * 

Account for I ts, understanding 'Of such relationships. (Ginsburg and Opper, 

I ' : . • * ^ 

1969)'. ' ' . 

The essence of Piaa^t's theory is Its "1ogica-l" (in the formal sense) charac- 
ter. Piaget^uses the formal language of symbolic logic to describe the developmeat 
of the chl Id'l^atterns of thought. In this* 'framework, the.child's perceptions of 
the world are assimilated to schemes of action which change In the course of 
development from percepjtual ly bbund, non-reversibl^e (on semi-reversfble) systems, 
to mob iJe .systems of transformation 'which are characterised by reversibility. 

^osl ti 



■rom 



a position I which his 
/ 



ERLC 



In more common terms, the chiW gradually moves/ 

judgments are based on Immediate pfej"ceptual st4j:aa_^ a position in which he 
Is capable of conslderlVig t^e physical transformat iofis which' produce ^ny 
particular perceptual state. 

An Important feature^of^tfie child's thought process prior to adolescence 
IS Its "concrete^* character. Even aftet; th^ child has developed the capacity 
to . consider transfprmat l_ons as opposed to states, he is only capable of nfentally 
transforming phenomena 'which he can conjrretely experience. The ability to perform 



• .1 
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a mental experiment, i.e. to consicfer a problem at a purely abstract level, 

is* not. developed until approximately the period of adolescence. 

• ■ . . ^ ' ' t 

- It ls» In fact, the concrete character of child thought which provided the 
. , • . • . *• • 

strongest basis 'for expe^cting differences in children^ attentiort as a function' 

I * « ' . 

of whether segments had a high degree of vls.ual/verbai congruence or a high 

*.' ^ ' ^ ■ ' ' • *.! 

degree of visual/verbal Indepejidence. Since visual/yerbal congruence Implied 
th^t information was being'presented concretely "(i .e| with visual reference), 
we felt that childj^en should be able to assimilate tbis inforhiatlon and thus ^ 
would be'attuned to what was occurring on the screen; whereaS, sinte visual/ 
verbal Independence implied that Information was being presented at a primarily 
SYtnborfc level Cl .e. verbally as opposed to visually) we felt that chTldren - 
nou\d have difficulty assimilating this information and thus would tend not to 
pay attention to it. * . . 

Time Series and Causal Relationships 

■ Several theoretical issues intruded l^nto our attempt to tie Independent^ 
and dependent_v>+ables closer together by measuring variables" o^ver short ^ • 
■ tlAie intervals. First there were the theoretical issues we wanted to in- 
vestigate--length of the delay between the action of the independent variables 

* « 

and the res-ponse of the ^dependent variable, the. rate t)f the response of the . 

/- . ■ . , \ ^ 

dependent variable once the response occurred, and the strength of the 

\ ' ' 

relationships between the independent and dependent variables at their strong- 
est polntl Secondly there were theoretical and methodological issues regard- 
ing the interactions among variables in adjacent time periods. 

Our handlirrg-of these issues forced' us to use a teghnique^called-time 

1 * 

'serlfes analysis. .Theoretical rounifi cat ions of the technique for the study 
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of children's attention are described Below, n^thodologi cal aspects are 
described, In Apjjeodix B. Readers unfami 1 iar wi th the method can omi t 
Appendix B on first, reading. Readers interested In detailed Information- 
on the method should-'see Box and Jenkins (1970) and Fu^er (1975).. 

I nterdepebdence In 'Attention Levels . Ch i Idren are . not . 1 ikely to J>e 
cqmpletely erratic in their viewing behavior. If a child Is paying atten- 
tion to the screen at one point, It is also likely to be paying atfentlon to 
the screen a short time- later. This may be the case irrespective of what . 
is on the television .screen. . A chi ld who Is not watching at some {joint . 

• Is- also like'ly-^o continue not to watch for some time I r respective (of what 
happens on the screfih:, * ^ 

^Th Is 'consistency on the part of children may affect the relation- 
ship between program" Variables and attention. If the consistency Irr atten- 
'tlon is very strong, the effect of prbgram^var i ables on atten-tlon vylll / 
appear to be reduced. The correlation between these variables for s'hort 
time- periods could -be \?mal 1 or variable. To make an accurate assessment af 
the effect qf the''i ndepende*nt variable one must tal<e the consistency, of 
attention 'into account. 'One way of doing so Is to compute the correla- 
tions between attention .levels in neighboring measurement Intervals, 
the autocorrelation . The stronger the Interdependence "between adjacent 
time, periods, the higher the autocorrelation^. 

- ' To determine the. point beyoqd which 'interdependence can be Ignored 

safely one should compute the partial 'autocorrelation . The partial auto- 

\- ' • 

correlation Is the correlation bfetween distant time periods with the^ values 

• of Intermediate time periods he.ld constant. The partials are nonsignificant 
Stat Is ticaUy. beyond the time distance where interactions d&n be' ignored. 

\ 

11 
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See Appendix B.for information about the computation of autocorrelations 
and partial autocorrelations.' 

Independent and Dependent .Variables Over Time . To assess the d^lay • 
between the actions of* the* 1 ndependeht and dependent variables -^t ime series 
methods .cmp,loy the cross-correlation . This correlation is merely the 
ordinary correfatlon between the variables, but it is computed between 
scores of the variables for different time intervals. 

" ♦ / If* there is seme delay in the reaction of the dependent ^arl able, one* 

J- ♦ 

would not expect to flfid a correlation between the variables cfftrtng* that 
delay. The effect has not taken yet, so to speak. One wouW 'only expect' • 
a correlation between the variables after the delay, tKis would appear as 

* » 

Statistically significant cross-cor Kelat ions after a group of near zero 
cor re Vat Ions/ In *the casfe. of^ chl iS'ren' s television viewing we' would expect 
some delay In r^eaction to program variajjies and the c/oss-cor relations - 
would' tell us the length of that delay. 

The rate of response of the dependent variable can a.lso be assessed ^ 
in terms of the cro&s-correlations , If the response is rapid once It 
begins, the cross-correlations should fise rapidly .to ^ maximum. If the 
response is relatively slow, the cross-correlations .may only reach a maximum 
over sfeveral time .per iods , It. is hljghly likely that children will react at 
* different rates to different program variables. The cross-correlations 
')shou1d a I low, to. make comparative judgments 'regarding their response rates 
. See Appendix B for a'' description of cross-'correlation ,graphs. 

Multivariate Analysts of Attention.,Effects^ We ^expected It you Id be 
"necessary to separate the effefts of nteract Ions' among adjacent values , 
of both the. t'eXevlsion program variables and- attention. For th-is paper we 



chose to use "ordinary mill tf pie regressfon based on autocorrelations 

and Wqss-cprrelatlons In building our empirical models. While more " 

efficient estimating procedures are available (Box and Jenkins, 1970), the 

* • • 

unusual results we\found In the data made them unusable. v 

^ ' . ' ■ - \- 

, Hypothesei » s * 

We have taken an Information processing appcoach.'to the relationship 
between teleyjslon program variables .and attention. The Essentials of » y 
this approach, as they apply to both complexity varla\)le§ ^nd visual/verbal . 
Interaction vali^ables, were outllned'ln the preceding section. Here , we 
win apply the arguments presented above to changes In children's atten- 
tlon levels over time. . . , , 

\^ the hypotheses are divided Jnto three sections* The first deals 
\5fith the pattern of single series ov^r time, the second deals with the 
relationship of program complexity, to attention and the third with visual/ . 
verbal interaction and attention. ^The hypotheses formulated were tested 
on younger children watching Sesame Street andj)1der children watching" The . 
Electric^ Company- this research setting Is described, In the l^ethod' section* 

. Single Variables Over Time . The* hypotheses concerning the pattern of 
single variables over time are almost descriptive. .We expected to find 
some iiiterdependence among values of both the attention and program variables 
buj: since time^. serines analysis Is so new, there are. few guidelines as to 
the degree of interdependence to be expected,_ Our only strong expectation 
was that there would be a difference in the attention patterns. af youngcfr * 
versus^ older vlewers^.^ ' 

Both the advertising and CTW studies l.nt^lcatBd fhat older children haVe > 
a mbre Integrated approach to watching television. We, therefore, expected 
more directed and fewer random changes In attenti'on from older .viewers/ 



This should appear as higher Interdependence between attention levels In 

adjacent time'perlods, allhoUgh the average attention levels need not 

necessarily pe higher for older viewers. Since the program structure oyer 

time o/ the"Electrlc Company aij/i S^ame Street appeared' to be roughly, the 
^ I r ' . ^ . .• .... 

same., we expected that a comparlspn between the viewers of the twb programs 
llou Id. provide some Information about this a^e difference. We hypothesized 
.thatt V 

Hp Older children pay attention to the television ^ • 
screen {n.a^more stable way than younger viewers. 

Since we had little Information about the behavior of program variables 

over time for 'large samples of programs, we decided to produce ho formal 

hypotheses here. Instead we decided to ..compare the behavior of these 

variable^ to see which variables were relatively less .predictable over time 

and to'see how similar the Electric Company and Sesame Street sample shows 

were lo structure. . . ' * ' 

Progra m 'Complexity and Attention . Program' complex i ty was found to 

— ^ '■ y 

correlate with the selection of programs for vjewlng and liking, and with * 
physiological reactions, to viewing. Some aspects of program c6mplexl ty were 
also found to correlate with attention to the TV screen In the advertising 
and CTW studies. Extending these findings to short term attention, we 

expeeted that segmetjts of programs with higher levels of complexity would 

^» » , . . ... 

* draw greater attention from the. children vi^winp. Program segments with . 
higher lAvels of comqilexlty would provide a good deal of perceptual Infor- 
matlon to process and children would therefore spend longer periods doing 
the processing.- Program segments with lower levels of compl^ity would • 
require less processing time on the part of children- • This r^atlonaleheld 
for each of th% program complexity variables;. . 



* . • \ ' ' • . 

■ * , \ ' I \' • 

• -<-H2.' The higher the Set Time Entropy, the higlier ^,he level- 

of children's attention to ttie television screen\ 

• ♦ 

^ The higher^e level of Verbal\Time Enlrcpy, the-higher 

the level of children's attention to the television screen 

Hzj. • The, higher the level of Shot Entropy, the higher the 

level. of children's attention to the television screen. 

Hr* The- higher the "level of Nonverbal Dependence Entropy, the 
higher the level of ch ! Idren * s attention to the television 
screen, , • 

At thls'stage of theoretical .development we did not f^el prepared to 
formulate hypotheses about differences between youngef/and older viewers, 

Visual/Verbalrlnteraction and Attention , The division of verbalization 
Into congruent and independ|lit iJtterances was based on assumpt iohs^bout 
the. kind of cognitive processing required for understanding. Generalizing 
to children's processing television programs, we expected that'utterances - 
accompanied by concrete visual representation would be easier to assimilate 
than utterances unaccbfnpanied by such visuals* tt seemed reasonable that 
children would pay less attention'to program segments which they were not 
equipped to process and more attention to segments they could process. -^We 
hypothesized that: 

Hg, The higher the >evel of Visual/Verbal Congruence, the 

higher the Jevel of children's attention to the TV screen.* • 
• ♦ 

The higher the level of Visual/Verbal Independence, the 
' lov;er^the level of Children's attention to the TV screen. 

Since the ages of childrerr in both the Electric Company and Sesame. 

Street-viewing group fell within the period marked by concrete..(;pghi tion^^ 

these hypotheses were expected to hold for -^joth groups. ^ 

Method • ' r 

S'^mples ^ 

Television Program Material . CTW provided us with four videotapes, 
two Electric Company and t\^/o Sesame Street shavs. These shavs were taken 

,■ ^- ' -15 
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to be representative of the tv<o. series, but no comparative figures for the 
program variables were available. Tbe Sesame Street shows were ^7 (SS S\) f 
and 58 (ES S2) mInuVes' in length; tlie Electric Company shows were 28 
(EC n) minutes and 19 (EC #1) minutes Xn length- The second Electric 
Company program was a sl ightf^ truncated version, but was similar to the 
rest of the series ^jr^ther respects. Descriptive ''statistics are given 
in table \ , > - , 

Viewing Samples . CTW also provided attention data on children viewing 
the four videotapes. Ten children watched each of the four tapes. The 
Sesame Street viewers were ^ to 5 years old; the Electric Company viewers 
were 7 1/2 to 8 1/2 years of age. ^ . • 

Measjjrenient Procedures • 

Program Complexity Measures > Scoring the- videotapes preceded in several 
stages. Tirst the videotape was timed to determine the boundaries of pro- 



gram contend segments (bits) and tKe program was, divided into/30 second 

o 

i - \ \ % 

segments. This Was done to provide markers to^chi^ick the accuracy of later 
measurements with respect to tirtie In^ the program. Then an entire videotape 
<was coded for one complexity variable, JO seconds at a time, t 

One coder ran the videotape machine and stoppejj It every* 30 seconds 
using machine's ^ause control. The other coder scored the variables on a * 
machine consisting of ten electric clocks and a keyboard and noted the 

results each 30 second interval. Some program segments were of very high 

. . ^ ^ ? 

complexity and the ave^^ge values of several coding passes was taken to 

' represent these segments. * ' " 

Entropy values were computed for each complexity variable for cijch 30 

16 ' 



second interval after coding was .completed • * 

Visua}/\Agrba] Interaction Measures . The verbal parts of each videotape 
were transcribed. Thetr, using the rationale given above, we determinec( 
whether each utterance- fel i;,inta the ' congruent or independent category. 

Since the«iength of utterances varied greatly, the number of words 
per utterance was used as a weightV For example, the word "one" or the 
]|^tter "g" were counted as single' utterances . So was the statement "Look 
aj^all this old stuff [• have lying around here." The latter utterance 
clkarly occupies more "space" of the .interval than either of the unit 
utterances. We felt'*that a weighted measure of verbal dens i ty would take 

th^s into account. 

' \ ' ' ' ' ^ 

I- Each scale -was completed by summing the number of weighted utterances 

I ' ' - 

in ^ach category. 



Children's Att e'fition Measure^ ... The attention data was collected by CTW 
7 "T 

as part of its research . program (see Reeves, 1970, for a full denser ipti on ; 

r * ' '- » 

of the -prpcedures) . Children were Individually shown a videotape. A 

f 

colored-slide projector, changing slides every 7-5 seconds, was placed at 
the same height as the televisionlset and about k5 degrees to one side. 

With the exception of one Sesame Street tape, the attention of each 
child was noted every 7,5 seconds by a coder. using a push-buttOn connected. 
' to a recording device. Attention was weight^ as follows: 3 " eyes on. the 
screen throughout the interval, 2 eyes on the screen more than half the 
time, I — eyes on the screen less than half .the time, 0 — eyes off the 
screen through the. i nterval . One of the Sesame Street tapes was. only 
scored *for attention every other 7^5 second interval. 

The attention? data provided were averaged over 30 seconds to make the 



measurement Intervals comparable to that used for the prodram^ variables. 
This was possible because four 7*5 second intervals corresponded to one 
30 second Interval and the boundaries matched, . , 

, ^ , 'Results 

V ' ^ / ' * * 

single Series Over Time 
***('* 

ChHdren*s Attention . We fted -^xpBrt^Ri~'tha-t--4Jie^ levels of • 

younger chi Idren watching Sesame Street would be less stabl^x^an the 
attention levels ofkolder children watching the Electric Company (Hi). 

Figure 1 shows that autocorrelations for^the attention of children in both 

• « 
group^s drop fairly rapidly , to neaf»2ero, rarnging between .09 and .2^ 

Jag of 90 seconds. .J\\\s seems to indicate that the interdependence be-V 

tween ajtten^ion levels in neighboring measuremen't intervals lasts for 

'less than 90 seconds. ^ . . / 

The partial autocorrelations for attention for all fqur videotapes 

\^ ^ ^ / t- 

were foumJ to be very near «^ro after a first significant one at^'^O 

seconds. Sinfee- the f i rstC part lal autocorrelation Is equal to the first 

autocorrelation because th^re ar^ no/ l*ntermedtate intervals to hold 

constant, the first partials may also be read from Figure I. Higher 

order partials cannot be read from F^igure'l, but since none were statls-* 

tfcally slgnlficanf^at th6 ^01 level we^^dld not graph them^ ' 

The autocorrelations dp not support our hypothesis that alder chlidren' 

wquld show more stable levels of^attention because the correlations are 

higher for the younger children qntfl they fall into the statistically 

nonsignificant range. ^.jThe partial autocorrelations for the younger 

children indtcate that ^0 percent of the variance in attention In one 

show and ^7 percent In the other shoi^r can be accounted for just based. on 

the Interdependence between adjacent 30 second intervals (these figures 
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yvere obtained by squaring the coefficients)* The partiajs for the^oider 
children indicate only 16 percent and 27 percent of the variance In 



attention is accounted for by the ^^second i nterdependejice 



If the pattern of autocorrelations, for the program variables for 
the Electric Company programs is similar tb. that for the Sesame Street ^ 
programs, the programs are very •likely to be structured the same way over 
time with refspetft to other unmeasured program variables. In that case 
Hypothesis 1 Is not supported. On the other hand, if t1>e autocorrelations 
for the* program variablies for Sesame Street dropped more slowJy towards 
zero, the hypothesis may ^ not be disconf i rmed. Younger ch i 1 dren*m>ght 
just be following more slowly phanging program variables and i^ay appear"' 
be more stable in attention as a res-ult, ' %\ 

Program Complexity * Figures 2 through 5 show the autocorrelations 
for program complexity. With* the except^ion of Electric Company show 1, 
the patternsVfor all of the variables are rather similar. The autocorre- 
lations drop to a s^tatistical ly nonsignificant level very rapidly and in 
several i nstances j^even the fir§t correlatix)0 is significant at the vOl 
level. These patterns indicate that there Is very lltthe interdependence 
between the neighboring values of these program variables. ^ 

' The tjectric Company show 1 autocorrelations for Set Entropy are 
statistically slgnjficant at the .02 teveT in two places. The part^^ ^ » 
autocorrelations were found to be at 30 seconds and— '.38 at 90 seconds. 
Further data anslysTis revealed these qorrejations to bq part of a 210 

second cycle in the data (Krull and Paulson, in press). 

i 

— Visual/Verbal Interaction autocorrelations for Visual/Verbal 

Independence, are given in Figure *6. The patterns for all of the sample J 
programs are similar with nonsigni f icant^1(:orrelat;ions after on6 approachi'ng 
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signlf Icance^at 30 Seconds. >^ The first lag autocorrelations' range from .18 

to .^0, with t^e Sesame Street s'howj falling at the upper end of the range. 

Figure 8 shows that, with the exception of Electric Company show 2, 

the autocorrelations, for Visual /Verbal Congruence approach nonslgnif jcance 

' \ ' 

falVly rapidly. However, the firs};^ lag autocorrelat l^ns'are fairly high, 

/being in the .^0 to .50 range. WIt'h'the exception of the one Electric 

Company show, higher order partlals were found'to be l^ns igni f leant statis-" 

Wcally. ' ■ ' 

/ 

The high autocorrelations for , Electric Company 2 in the 180 and 21Q 

seco^nd range were found to be indicative of a 200 secortd cycle in the 

/ ' ' ' 

data. Description of* that analysis/goes beyond the scope of this paper. 

Both the Independence and Congr^uence variables sh<5w more interdepen- 
dence between adjacent Intervals than do the nearly random' complex i ty varlabl 
Children might f ind changes f^n the former Variables easier to fol low than in 
the latter. On the whol-e, tl^e Electric Company and Sesame Street shows 
seem to follow roughly the same pattern andTTittle explanation for the 
greater stability of attention of the younger viewers, can be found in 
differences in the program variables we measured. Hypothesis 1 does npt 
appear to be supported. . * 

Children's Program Variables and Attention ^ ^ 

\ - - - ♦ V 

Effects of Program Complexity . ' Xross-correlat ions between- the fobr 
entX9py measures of program complexity and chi Idren^s'^attention are given 
In figures 8 through 11. The horizontal axis In the figures indicates how 
far the dependent variable l^ads (negative lags) lags {positive -lags) the 
cfiange^ In the values of the independent variable. The vertical axis in- 
<flcates*the sizes of the correlations between the independent and dependent 
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varlables at different given lags. We had expected the pattern of cross- 
correlations to look approximately as follows: insignificant correlations 
until some point after changes in the Independent variable occurred (a 
positive lag of the dependent variable),, a small number of; stati st ical ly 
significant correlations, and then another series of insignificant corre- 
lations. The point *at which correlations became significant would Indicate 
the delay In children's reacting to a program variable, - The point at which 
correlations again reached ins igni fi cance would Indicate ^e dur^atiCn of 
the effect. 

Figure 8 shows cross-correlations between Set Entropy and attention. 
The older viewers of the Electric Company seem to be affected very rapidly v 

* 4 

•;by changes In Set Entropy since ^he correlations for zero lag are already ^ 

fairly large. The effects seemf to decay by 60 to 90 seconds. However, 

the pattern is complicated by correlations In. the negative lags at 120 
' . ■ . m 

* ♦ ' ' • ^ 

\. to 60 seconds. 

^ Significant correlations at negative lags generally indicate changes 

in the detJfendent variable precede changes in the Independent variable* In 
' other words, the causal order"' Is the reverse of that expected. Another 
possibility is that an unmeasured Variable, affecting both the independent * 
^nd dependent variables, produced this odd set of correlations v However, 
an Explanation which ha^ particular appeal for our theoretical problem'is. 
that children are anticipating changes In the Set Entropy variable before'^ 
they happen* -This implies that the older children watching the Electric 
. Company know the program sufficiently well to predict some of the things 



which wi 1 1 opcur^. 

The. data in Figure 8 do not indicate a- signi f leant effect of Set 



Entropy on the you^nger viewers of Sesame Street. Hypothesis 2 appears to 



be supported for older^ but not for younger cfilldrcn, . 

Ftgure 9 show.s the cross-correlations between Verbal Time Entropy 

^ <■ ** ' 

id attention: ^The pattern of correlations found is not as pro^iiunced 
\ ' , ^ . . . • t . _ ^ 

as\ ttiat "for Set Entropy, with only Electric CoThpany 1 and Sesame Street '/ 



1 showling correlations approaching statistical significance. There 
appears to-be rather weak support for HyiS&thesIs 3. - ^ '•^ 

The cross-correlatJons between Shot EntVopy and attel3f|on in Figure 10 



are weaWy significant (,05 level Trtaximum) for both ElectrtdXompany programs 
but the correlations are positive for one program and negative for theXothpr. 
Both sets of correlations also liylicate some anticipation by' children since* 
the maxima are reached at 60 to 30 second negative lags. Sesame Street' li 
showed significant correlation only at a lag of 1,30 seconds, and "^e^ame > 
Street 2 sh^ed only an anticipation effect, Thi^e res4jlts jndi^cate weak * 
support for Hypothesis A in some cases and no support at all i*h others. 

Figure 11 gives the cross-correl^rions between Nor^verbal Dependence 

. * ^ ^. ' 

Entropy and attention- The Electric Company data again s6ems to indicate 

anticipation. on the part of children, with negative correlations appearing 

- ^ ^> ^-^ ^ . " - ^ . , ^ 

about 60 seconds negative lag. The Sesame Street data show relatively 

i \ 

small correlations \throughout. These data Indicate qp suppo.rt for Hypothesis 
5. 

Effects of Visual/Vg&rbal I nteractit>n. Figure 12 shows tKe cross-corre- 
lations between VisualFVdrJjal 1 ndepenjJence and attention formal 1 shows to ^ 

, - - i V ^ , . / 

be that expect/ad, Altnough there Is some 'Var labi 1 1 ty in the strength of the 
correlations, the effect is\most strongly negative at ?ero lag and appears 
to be of. rather'brief duratli^n. Hypothesis 6 appears to be- su^orted. * 

Some of the cross-correlations between Visual/Verbal Congruence given 



i 



Figure 13 are stronger than those for Independence, but the pattern is 
■ less consistent among the sampU programs. One Electric Company prog ram ' . 
has mediflm positive correlations^ for Congruence ""and attenttori, the other 
has weak negative correjations*. One Sesame Street program has strong 

' - - _ - - ^ 

positive correlations, the other has moderabely^negati-ve ones. These 
data give ratrffer i nco/isistent support for Hypothesis 7- . ^ 
4 Multiple Time Series Analysis . ' 

Multiple time series were run to determi>ve If the relationships among) 
the program vari'ahles were affecting the cross-correlations. Some- of the 
cross-j:orrelations^lied anticipation on the part* of children whith would 
require a fee^orward type model to ar^lyze. We were not^ prepared to . 
modify multiple time'series computing algorithms io handle this situation, 
_ W)we decided to obtain good preli-minary empirical models by using simple 
- multiple regression. Were a feedforward model t^o be used, a better fit than 
that we got wouTd be highly likely. ' ^ . . '^t^ 

- The fei^st multiple regression models for- Sesame Street are given in 
Table 2. There are three Important features to these models: they explain 
' a large amount pf Variance in .attention, .;he bulk of the variance expV^fned 

is due to autocorrelationVti] attention -at a lag of 30 seconds, and the ^ 
. remaining variance 'is explained by measures of the verbal aspects of progrims. 
Note that the negative lags of Uie independent variables in the taljj^ corres- 
pond to positive lags of the dependent, variables in the cross-correlation 
' figures. ^ ^ 

V The best mul tiple regression models for the 'Electric Company are given, 

^ In Table 3. /hree important features of these' models arp that: they'explai-n a 
large amount of'variance in attention, the bulk of the variance explained Js 
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due to cross-correlaUon with the program variables, and the effects of the program 
complexity variables are stronger than those of the Vi sual/VerbaV Inter-*- . 

action measures. ' - 

Both the' Sesame Street and Electric Company models exceed our expectations, ^ 
They, account for about half the variance In children's attention with a small 

number of predictor variables- Although some of.t\}e regression coefficients 

^ ^ ' 1 - 

for the Sesame Street program variables are only marginally significant, the- 

1 

overall models are highly statistically significant in every case. It i-s 
also Interesting to note distinct differences between the models obtained ^ 
for older and younger viewers . These differences wil.l be discussed In 

the. next sect5s^|^^^^^^^_ ."J.4v-- " ^- . ■ ' ' 

Dl scuss ton 



** At the outset we indicated that we were going to examine the relation- 

^ship be'tween a. small number of television program variables and ^hi ldren's\ 

attention. We also indicated that we would do so taking Into account the > 

Interdependence betv/ften adjacent time intervals, and the delays and rates 

of response of attentiofi to the different program variables, 

- The data I ndi cated ■ the pattern of children's responses to be fluid and 

/ 

* variable. Autocorrelations' of children's attention indicatte H^tle con- 
slstency beyond about 60 seconds, the interdependence between two adjacent 
lags. Cross-corre,lations were found to vary -^etwee^i prograAns In the same 
TV series, and significant cross-correlations wer^ found i n- unexpected places. 
However, the data also indicated children's attention Is "hot totally tin- ^ 
predictable, Sevecal hypotheses about children's behavior received a-t least 
partial support and the multiple time series mode. Is. afccou^ited for unexpectedly 
high amounts of variance, ^ • ..^ 

« 
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The expectation that older children *wou14 show more stable attention was 
not supported by the data (Hj)* Thiswas shown both by their autocorrejat ions 
and-by the4r low' weights in the multiple regressions fo? "30 second lag 
attention levels. Although comparing the behavior of vipers* attend! ng to " 
two' different TV series is not ^ clean test of age differences, these data 
do Indicate some age differences £fre likely. 

One interpretation we have piade of our data is that oldei^'clff Idren are. 
more attuned to changes* In the content of.televis ion programs arrd ar*e more 
able to adjust to those changes by varying the amount of attention they pay. 
Younger children seem to be more rigid Ir. their viewing, being unable* to 
make adjustments in their j^ocess i ng^of program content as content varies 
<^ver time. This Interpretation is. consistent both with the previous research - 
literature and with the greater relatlvje pfedit:tlve .power of program va^rlables 
In explaining the attention of older viewers. Comparisons of viewers j^f dlffe,r*- 
ent ages watching the same show would be required td^valldate the argument. 

Comparisons of the delays and response r?tes of attention to the differ- 
ent progr^^m variables proved to be rather Interesting (H^ to.Hy). Strong cross- 
correlations were found at long lags to eltherslde of zero lag. In several' 
Instances the zero lag cross-correlations, which are the equivalent of - 

' o 

\ 

ordinary cross-sect lonat correlations, v;ere rather small'. More interesting 
yet, a few variables seem to show children's anticipating changes In programs. 
Such apparent antlcipatioo would' certainly not have been found using cross- 
sectional methods. - ^ 

• ; 

If 'our j^nterpretatlon of the cross-correlations' Indicating , anticipation 
Is correct, much more sophisticated theoretical models of children's viewing 
behavior will have to be developed.- Levin and Anderson (I976) reporte.d children 
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developing ffom random to purposive viev/ing by the age of 3 years'. Our. 
data seem toiindi.cate that children have enough experience^^Htj^ television 
vlewing by the time the^V are 8 to predict some aspects'of programs. We • 
intend ^to develop and. test a theoretical model including ant ic%|^i on effects 
In the near. future, . . * * ' . 



Table 1 
DESCRIPTIVE STATISTICS 



Variable 



Show 



Mean 



Standard Deviation 



Children's. 
Attention 



Set Time 
Entropy 



EC #1 
EC #2 
SS #1 
SS #2 



EC #1 

EC n 

SS #1 
SS #2 



3^.3 
62.3 
73.3 
66.0 



.50 
.29 
.^7 



9.3 
IS.'* 
15.7 
15.2 



.53 
.67 
.56 
.89 



Verbal Time 
Entropy 



Shot Time ' 
Entropy 



Nonverbal 
Dependence 
Ent ropy 



VI sua! /Verbal 
I ndependence ' 



EC #1 
EC #2 
S§ #1 
SS #2 



EC #1 
EC #2 
SS #1 
SS #2 



EC #1. 
EC #2 
SS #1 
SS #2 



EC #1 

EC n 

SS fl 
SS #2 



.76 
.83 
.88 
.89 



.76 
.88 

.73 

. .75 



.77 

..^..68 

•i^ .65 



23. i» 
28.6 
28.9- 
25.2 



.61 
.5^ 
.66 
.70 



M 
.52 
.50 

' \ 

".31 
.28 ^ 
.36 



.29 



23.8 
l\.k 
22.3 
23.5 



Visual/Verbal 
Congruence 



EC #1 
EC #2. 
SS'i?! 

SS n 



16. i» 
19.2 
19.^ 
2i».2 



13.8 

1^.5 
21.6 
20.4. 



EC #1 
EC #2 
SS §\ 

SS n 



N = 38 
N = 56 
N = 93" 
N = 116 
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Table 2 

i » 

MULTIPLE REGRESSIONS OF CHILDREN'S ATTENTION 
ON TELEVISION PROGRAM VARIABLES 
FOR SESAME STREET ' 



Show #1 



Predictor Variable 



^ .Beta 



Hultlple 
R 



Attentlon|.^j ► .53 

Verbal Time Entropy^ .11 

V 

Verbal Time Entropy^«2 -13 

Nonverbal Dep. Entr.^^j J2 

Visual/Verbal Indep.-^ -j^ 

Visual/Verbal Cong.^ . .28 



-.76 



20.28 



6-, 86 



■1 



Show n 



Predictor Variable 



Beta 



Multiple 
R 



- F 



D.F. 



Attention^^j ,62 

Nonverbal Dep. Entr.^^3 -.14 

visual/Verbal Ind.^ -.20 

Visual /Verbal Cong.t-2 ""'7 



.70^ 



26.85 



;0Q1 
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Table 3 

MULTIPLE REGRESSIONS OF CHILDREN'S ATTENTION* 
ON TELEVISION PROGRAM VARIABLES 
FOR THE ELECTRIC COMPANY. 



Show #1 



Predictor Variable 


ftta 


Multiple 
R 


F 


• 

d;f. 


p< 


Set Entropy^ 


• 39 


.66 


6.22 


'»,33 


.001 


Set Ei)tropy^,j 




« 








Verbal Time Entropy^ 


.36 




• 






Shot Time Entropy^^2 


..33 






• 


• 


Show #2 
Predictor Variable^ 


Beta^ 


Multiple 
R 


F 


O.-F." . 




Attentlon^^^ 


.31 


.73 


7.67 , 


7.^8 • 


.t)01 


Set time Entropy^ 


.33 










Set Time Entropy^^^ 


.18. 










Verbal Time Entropy^^2 


-.32 










Shot Entropy^^2 

4 


-.29 


• 









Nonve;-bal Dep. Entr.^^^ .2k 



Visual /Verbal Cong. .36 



Flgure'9 

CROSS-CORRELATIONS BETWEEN. VERBAL jm^ 
ENTROPY AND CHILDREN'S ATTENTION 
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Appendix A 

DEFtNiTIONS OF PROGRAM COHPLEX.ITY VARIABLES 

Set Time Entropy Is defined as the degree of randomness of the time of 
visual duration of discrete physical locations in a program* 

Verbal Time Entropy Is defined as the degree of randomness of the time 
of audible behavior on the part of characters In a program. 

Nonverbal Dependence Entropy is defined as the degree of randomness of 
the use of only visuals to carry the narrative rn a program. 

Shot Entropy Is defined as the degree of randomness of the duration of 

different apparent distances between the camera and the object in view. 
This new variable was added to tap visual aspects of television pro- 
grams not handled"by the set entropy measure. It was coded by scoring the 
amount<'bf time spent on close-up medium and long shots. These three cate- 
gories were used as a compromise between having sufficient categories, to 
make discriminations and not so many thatN:a*tegorlzation became unreliable. 

Both one and two person close-ups (show tng upper chest and head) were 
coded Into the close-up category. Shots which shaved more than the upper 
chest and head, but less than the*entlre figure",, were coded as long shots. 
These distinctions were rather difficult to make with puppetSLand^some 
animated figures. 
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Appendix B 
Time Series Methods 

There are tWo related branches of time series methods — time 
domain methods and spectral methods, tn thls^p^r we have used the 
time domain approach In which values of variables at different points 
In time are correlated*^ Two Important^statl sties in this approach are 
the autocorrelation (the correlation of a variable with Itseli) and 
the cross-correlation (the correlation between two or more variables at 
different 'time points). Spectral methods attempt to explain the behavior 
of variables over time by searching for cycles in the data. These methods 
are very elegant, but they are a1s8 complicated an^ require a different 
kind of theory than commonly fpund tn communications. / 

The Autocorrelation, 

The autocorrelation is defined mathematically by: 

c 

r, = ' 

' '^k ^ 



Co 

where. K Is the time Interval between-the values correlated, ci., is the, 
covarlance b'etWeen the values at Interval K, and c^ ts the covarlance at 
lag zero (simply^ the variance of the variable)-. 

The si^§ of the autocorrelations can be plotted against the lag to 
give a visual Impression of the degree^ of dependence In the variable* ^^^^ 
graphs are called correlograms and were used- to report the data tn this 
paper. . ' - 

Partial autocorrelations are analogous to ordinary partial correlations. 
Partial autocorrelations are useful In determining the exact time lag to 

o ^ • 46 " ' 
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which a varUble la dependent- For example, if the va]yes of adjacent 
time Intervals were correlated; the effect of the correlation between the 

7i 

first interval and the seconcf interval would alsa transfer to values in 
the third interval. Yhis 1s simply a causal chain In time: The partial 
autocorrelation af the first interval with the third interval, holding - 
the second Interval constant, should be near zero if only adjacent values 
are Interdependent. If it is not,* the interdependence in the variable 
extends beyond just one lag. 

The formulas for higher-order partial autocorrelations are complicated 
and packaged routines^are generally used for their computation. 
The Cross-Correlation *^ 

The cross-correlation 'i s def ined mathemati^cal Jy by: 

^ ^xy(k). ' ^ ^ 

^^xyCk) « ^ 



S^Sy 

/ where 1< Is th^ lag, c^y((^) is the covariance between X and Y at lag K, 
S^-^fe the standard deviation of X, ajid js -the standard deviation of Y. 

Cross correlations are generally plotted for lags of the dependent 
variable. This means that one reads the positive values fn the graph as- 
Indicating how long after the Independent variable changes the dependent y^r^ 
lable responds. However, regression models of "fhe relationship are normally 
written with negative lags of the Independent variable. This means 'that 
. the correlation at Y^^j^ Is equivalent to the correlation at X^,j^. A 
regression equation In two variables would take the following form:^ 

• Y^ ?= *X. + e^. ' 
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